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(54) Ferroelectric memory and method for driving the same 



(57) A semiconductor memory includes a ferroelec- 
tric capacitor having a ferroelectric film, a first electrode 
formed on the ferroelectric film and a second electrode 
formed under the ferroelectric film. A data writing unit 
causes a first state in which the ferroelectric film has 
polarization in a direction from the first electrode to the 
second electrode or in a direction from the second elec- 
trode to the first electrode and has a substantially satu- 



rated polarization value or a second state in which the 
ferroelectric film has polarization in the same direction 
as in the first state and has a substantially zero polari- 
zation value, thereby writing a data corresponding to the 
first state or the second state in the ferroelectric capac- 
itor. A data reading unit detects whether the ferroelectric 
capacitor Is in the first state or in the second state, there- 
by reading a data stored in the ferroelectric capacitor. 



FIG. 1 




BNSDOCID: <EP. 



1246192A1 J > 



EP 1 246 192 A1 



Description 

BACKGROUND OF THE INVENTION 

[0001 1 The present invention relates to a semiconduc- 
tor memory including a ferroelectric capacitor and a 
method for driving the same. 

[0002] A semiconductor memory including a ferroe- 
lectric capacitor is expected to work as a nonvolatile 
memory capable of providing a limitless read number. 
[0003] A conventional semiconductor memory includ- 
ing a ferroelectric capacitor will now be described with 
reference to FIG. 8. 

[0004] As shown in FIG. 8. a source region 2 and a 
dram region 3 are formed in surface portions of a silicon 
subsiraie 1. On a region of the silicon substrate 1 sand- 
wiched between the source region 2 and the drain re- 
gion 3. a silicon oxide film 4, a ferroelectric film 5 of a 
melHi oxtdc such as lead zirconale lilanale (PZT) or bis- 
muth tantalatc strontium (SBT) and a gate electrode 6 
are successively formed, so as to together form a ferro- 
elcctnc TET 

[0005] In this structure, the polarization direction of 
the fcfToclcclric fiim 5 can be set to the upward direction 
or tho downward diroclion, and the depth of surface po- 
tential of a region ol the silicon substrate 1 below the 
gale olocirodc 6 can be set to two different states re- 
speclivoly corresponding to the two polarization states 
(namely ihc upward polarization and the downward po- 
larization). SirKC the depth of the surface potential cor- 
responds to the resistance between the source and the 
drain of the ferroelectric FET, the resistance between 
the source and the drain is set to either a high value or 
a low vasue depending upon the polarization direction of 
the ferroelectric film 5. Since the upward polarization or 
the downward polarization Is kept (stored) as far as the 
polarization of the ferroelectric film 5 is kept, the ferro- 
electric FET can be used as a nonvolatile memory. 
[0006] In the ferroelectric FET having this structure, a 
state where the ferroelectric film 5 has the downward 
polarization is allowed to correspond to, for example, a 
data 'r and a state where it has the upward polarization 
is allowed to correspond to a data "0". For example, 
when a ground potential is applied to the lower face of 
the silicon substrate 1 with a large positive voltage ap- 
plied to the gate electrode 6, the polarization of the fer- 
roelectric film 5 can be set lo the downward polarization. 
Altematively, when a ground potential is applied to the 
lower face of the silicon substrate 1 v\nth a large negative 
voltage applied to the gate electrode 6, the polarization 
of the ferroelectric film 5 can be set to the upward po- 
larization. After sotting the polarization of the ferroelec- 
tric film 5 to the downward or upward polarization, the 
potential of the gate electrode 6 is restored to the ground 
potential. 

[0007] FIGS. 9A, 9B and 9C are energy band dia- 
grams obtained when the silicon substrate 1 has p-lype 
conductivity and the source region 2 and the drain re- 



gion 3 have n-type conductivity. FIG. 9A shows the en- 
ergy band obtained when the polarization is downward 
(namely, a data "1 " is stored), FIG. 9B shows the energy 
band obtained when the polarization is upward (namely, 

5 a data "0" is stored) and FIG. 9C shows the thennal equi- 
librium energy state. In FIGS. 9A through 9C, a refer- 
ence numeral 11 denotes the conduction band of the 
gate electrode 6. a reference numeral 12 denotes the 
energy band of the ferroelectric film 5, a reference nu- 

10 meral 13 denotes the energy band of the silicon oxide 
film 4, a reference numeral 14 denotes the energy band 
of the silicon substrate 1 and a reference numeral 15 
denotes the energy band of a depletion layer formed in 
the vicinity of the surface of the silicon substrate 1 . Also. 

15 avoid aaow denotes the polarization direction of the fer- 
roelectric film 5. 

[0008] In the case of the downward polarization (cor- 
responding to a data "1"), the negatively ionized deple- 
tion layer 15 extends to a deep region of the silicon sub- 
20 strate 1 as shown in FIG. 9A, and hence, the surface 
potential of the silicon substrate 1 becomes lower than 
the ground potential. 

[0009] In the case of the upward polarization (corre- 
sponding to a data "0"). no depletion layer is formed in 
2S the silicon substrate 1 because holes, that is, p-type car- 
riers, are stored on the surface of silicon substrate 1 as 
shown in FIG. 9B, and hence, the surface potential of 
the silicon substrate 1 accords with the ground potential. 
[0010] Since the surface potential of the region of the 

30 silicon substrate 1 below the gate electrode 6 thus de- 
pends upon the polarization direction, when a potential 
difference is caused between the drain and the source, 
a current flowing between the drain and the source is 
different depending upon the polarization direction. 

35 Specifically, when the surface potential of the silicon 
substrate 1 is lower than the ground potential (namely, 
when a data "1" is stored), the resistance between the 
drain and the source is low (namely^ the FET is in an ON 
state), and hence, a large current flows between the 

40 drain and the source. On the other hand, when the sur- 
face potential of the silicon substrate 1 accords with the 
ground potential (namely, when a data "0" is stored), the 
resistance between the drain and the source is high 
(namely, the FET is in an OFF state), and hence, sub- 

45 stantially no current flows between the drain and the 
source. When a current value between the drain and the 
source is detected, it can be found whether the ferroe- 
lectric FET is in the state corresponding to a data "1" or 
in the state corresponding to a data "0". 

50 [0011] Since whether the ferroelectric FET is in the 
state corresponding to a data "1" or in the state corre- 
sponding to a data "0" can be thus found, the polariza- 
tion of the ferroelectric film 5 is not reversed in reading 
a data from the ferroelectric FET. Thus, what is called a 

55 non-destructive read-out system is realized. In other 
words, there is no need to carry out an operation for re- 
covering the direction or the magnitude of the polariza- 
tion, namely, a rewrite operation, after data read. 
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[0012] In this manner, a ferroelectric FET is capable 
of a non-destructive read operation, and therefore, a 
problem of polarization fatigue of a ferroelectric film, 
which is caused in a destructive read operation accom- 
panying polarization reversal, can be avoided. Accord- 
ingly, the ferroelectric FET is expected to work as a non- 
volatile memory capable of providing a limitless read 
number. 

[001 3] However, the ferroelectric film 5 of the ferroe- 
lectric FET is generally a semiconductor having a large 
number of defective levels, and hence, electrons and 
holes can easily move within the ferroelectric film 5. 
[0014] Therefore, when the ferroelectric FET is in an 
ON state as shown in FIG. 9A, since electrons are in- 
jected from the conduction band 11 of the gate electrode 
6 into the ferroelectric film 5, charge at the head of the 
polarization Is neutralized and hence the bottom of the 
potential in a V shape is gradually elevated, resulting in 
the thermal equilibrium energy state shown in FIG. 9C. 
[0015] On the other hand, when the ferroelectric FET 
is in an OFF state as shown in FIG, 9B, since holes are 
injected from the conduction band 1 1 of the gate elec- 
trode 6 Into the ferroelectric film 5, charge at the head 
of the polarization is neutralized and hence the apex of 
the potential in a reverse V shape is gradually lowered, 
also resulting in the thermal equilibrium energy state 
shown in FIG. 9C. 

[0016] As a result, since the surface potential of the 
silicon substrate 1 becomes the same level in spite of 
the different polarization directions, namely, the upward 
polarization and the downward polarization, it is difficult 
to distinguish the two states depending upon a cun-ent 
flowing between the drain and the source. 
[001 7] This problem can be explained by using a hys- 
teresis curve 20 of the ferroelectric capacitor and a gate 
capacitance load line 21 of the ferroelectric FET drawn 
on a polarization - voltage (Q - V) plane shown in FIG. 
10. The structure of the ferroelectric FET of FIG. 8 can 
be regarded as a series circuit of the ferroelectric ca- 
pacitor and a metal - oxide film - silicon (MOS) capacitor 
when a virtual electrode is disposed between the ferro- 
electric film 5 and the silicon oxide film 4. 
[0018] In this series circuit, in the case of the down- 
ward polarization (namely, the state of storing a data "1 " 
corresponding to the energy band diagram of FIG. 8A), 
the polarization is positioned in a point 22 immediately 
after data write, and a negalivebias voltage correspond- 
ing to a distance from the origin O to the point 22 is ap- 
plied to the ferroelectric film 5. This bias voltage causes 
electron injection into the ferroelectric film 5, and there- 
fore, the polarization moves from the point 22 to the or- 
igin O. 

[0019] On the other hand, in the case of the upward 
polarization (namely^ the state of storing a data "0" cor- 
responding to the energy band diagram of FIG. SB), the 
polarization is positioned in a point 23 immediately after 
data write, and a positive bias voltage corresponding to 
a distance from the origin O to the point 23 is applied to 



the ferroelectric film 5. This bias voltage causes hole 
Injection into the ferroelectric film 5, and therefore, the 
polarization moves from the point 23 to the origin O. 
[0020] Thus, in the conventional ferroelectric FET, a 

5 difference between a data "V and a data "0" is distin- 
guished by using a potential difference induced between 
the ferroelectric film 5 and the silicon oxide film 4 de- 
pending upon the polarization direction. However, the 
potential difference induced between the ferroelectric 

10 film 5 and the silicon oxide film 4 works as a driving force 
for injecting electrons or holes for eliminating the in- 
duced potential difference. In other words, there is a 
problem that the voltage is unavoidably eliminated 
through the electron or hole injection into the ferroelec- 

15 trie film 5. 

SUMMARY OF THE INVENTION 

[0021] In consideration of the aforementioned con- 
20 ventional problems, an object of the invention is reading 
a data stored in a ferroelectric capacitor even when a 
potential difference caused in the ferroelectric capacitor 
is eliminated through electron or hole injection. 
[0022] In order to achieve the object, the first semi- 
25 conductor memory of this invention comprises a.ferroe- 
lectric capacitor formed on a semiconductor substrate 
and including a ferroelectric film, a first electrode formed 
on the ferroelectric film and a second electrode.formed 
under the ferroelectric film; data writing means for caus- 
ae? ing a first state in which the ferroelectric film has polar- 
ization in a direction from the first electrode to the sec- 
ond electrode or in a direction from the second electrode 
to the first electrode and has a substantially saturated 
polarization value or causing a second state in which 
35 the ferroe'ectric film has polarization in the same direc- 
tion as in -he first state and has a substantially zero po- 
larization value, whereby writing a data corresponding 
to the first state or the second state in the ferroelectric 
capacitor; and data reading means for reading a data 
40 stored in the ferroelectric capacitor by detecting whether 
the ferroelectric capacitor is in the first state or in the 
second state. 

[0023] In the first semiconductor memory, two differ- 
ent states of the ferroelectric capacitor storing different 

45 data (such as a data "1 " and a data "0") are distinguished 
from each other by the two states in which the polariza- 
tion of the ferroelectric film is in the same direction, 
namely, the first state in which the ferroelectric film has 
the substantially saturated polarization value -(corre- 

50 spending to, for example, a data "1") and the second 
state in which the ferroelectric film has the substantially 
zero polarization value (corresponding to, for example, 
a data "0"). Accordingly, even when a potential differ- 
ence caused in the ferroelectric capacitor is eliminated 

55 through electron or hole injection, a data stored in the 
ferroelectric capacitor can be read. 
[0024] In the first semiconductor memory, the data 
writing means preferably causes the first state or the 



3 



12461 92A1 I _> 



1 



V 



5 EP 1 2 

second state in the ferroelectric capacitor by applying a 
voltage between a first signal line connected to the first 
electrode and a second signal line connected to the sec- 
ond electrode. 

[0025] Thus, an operation for writing a data "1" or a 
data "0" in the ferroelectric capacitor by causing the first 
state or the second state in the ferroelectric capacitor 
can be easily and directly carried out. 
[0026] In the first senniconductor nnemory, the data 
reading nneans preferably Includes means for generat- 
ing, between the first electrode and the second elec- 
trode, a voltage for inducing, in the ferroelectric film, an 
electric field in the same direction as the direction of the 
polarization of the ferroelectric film. 
[0027] Thus, the direction of the polarization of the fer- 
roelectric film is not changed even when a reading volt- 
age is applied to the ferroelectric capacitor, and there- 
fore, the ferroelectric capacitor can keep on storing a 
data. As a result, the polarization fatigue of the ferroe- 
lectric film can be reduced. 

[0028] In the first semiconductor memory, the data 
reading means preferably includes a load capacitor se- 
rially connected to the ferroelectric capacitor and means 
for applying a reading voltage to both ends of a series 
circuit composed of the ferroelectric capacitor and the 
load capacitor, and detects whether the ferroelectric ca- 
pacitor is in the first state or in the second state by de- 
tecting a voltage induced in the load capacitor resulting 
from dividing the reading voltage in accordance with a 
ratio between capacitance of the ferroelectric capacitor 
and capacitance of the load capacitor. 
[0029] Thus, a read operation can be eased because 
a data stored in the ferroelectric capacitor can be read 
by detecting the voltage induced In the load capacitor in 
applying the reading voltage to the both ends of the se- 
ries circuit of the ferroelectric capacitor and the load ca- 
pacitor. 

[0030] In the first semiconductor memory, the data 
reading means preferably includes a field effect transis- 
torformed on the semiconductor substrate and connect- 
ed to the second electrode at a gate electrode thereof 
and means for applying a reading voltage between the 
first electrode and the semiconductor substrate or a 
source electrode of the field effect transistor, and de- 
tects whether the ferroelectric capacitor is in the first 
state or in the second state by detecting a change of 
channel conductance of the field effect transistor 
caused by a voltage induced in the gate electrode re- 
sulting from dividing the reading voltage in accordance 
with a ratio between capacitance of the ferroelectric ca- 
pacitor and gate capacitance of the field effect transistor. 
[0031] Thus, a read operation can be eased because 
change of the voltage induced in the gate electrode of 
the field effect transistor in applying the reading voltage 
between the first electrode and the semiconductor sub- 
strate or the source electrode of the field effect transistor 
can be detected as change of the channel conductance 
of the field effect transistor. 
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[0032] In the first semiconductor memory, the data 
reading means can Include a bit line connected to the 
second electrode and means for applying a reading volt- 
age between the first electrode and the bit line, and de- 
5 tect whether the ferroelectric capacitor is in the first state 
or In the second state by detecting a voltage induced in 
the bit line resulting from dividing the reading voltage in 
accordance with a ratio between capacitance of the fer- 
roelectric capacitor and capacitance of the bit line. 
10 [0033] The second semiconductor memory of this In- 
vention comprises a memory cell block of a plurality of 
successively connected memory cells each Including a 
ferroelectric capacitor having a ferroelectric film, a first 
electrode formed on the ferroelectric film and a second 
15 electrode formed under the ferroelectric film and a cell 
selecting transistor serially connected to the ferroelec- 
tric capacitor; data writing means for causing a first state 
in which the ferroelectric film of a selected ferroelectric 
capacitor selected by the cell selecting transistor from 
20 the plurality of ferroelectric capacitors has polarization 
in a direction from the first electrode to the second elec- 
trode or in a direction from the second electrode to the 
first electrode and has a substantially saturated polari- 
zation value or causing a second state in which the fer- 
25 roelectric film of the selected ferroelectric capacitor has 
polarization in the same direction as in the first state and 
has a substantially zero polarization value by applying 
a writing voltage between a control line connected to a 
first common node out of two common nodes included 
30 in the memory cell block and a second common node 
out of the two common nodes, whereby writing a data 
corresponding to the first state or the second state in the 
selected ferroelectric capacitor; and data reading 
means, including a load capacitor connected to the first 
35 common node and means for applying a reading voltage 
between the second common node and the load capac- 
itor, fordetectingwhethera selectedferroelectric capac- 
itor selected by the cell selecting transistor from the plu- 
rality of ferroelectric capacitors is in the first state or In 
40 the second state by detecting a voltage induced in the 
load capacitor resulting from dividing the reading volt- 
age in accordance with a ratio between capacitance of 
the selected ferroelectric capacitor and capacitance of 
the load capacitor, whereby reading a data stored in the 
45 selected ferroelectric capacitor. 

[0034] In the second semiconductor memory, two dif- 
ferent states of the ferroeleclric capacitor storing differ- 
ent data (such as a data "1" and a data "0") are distin- 
guished from each other by the two states in which the 
50 polarization of the ferroelectric film is in the same direc- 
tion, namely, the first state in which the ferroelectric film 
has the substantially saturated polarization value (cor- 
responding to, for example, a data "1") and the second 
state in which the ferroelectric film has the substantially 
55 zero polarization value (corresponding to, for example, 
a data "0"). Accordingly, it is possible to realize a mem- 
ory cell array in which a data stored in the ferroelectric 
capacitor can be read even when a potential difference 
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caused in the ferroelectric capacitor is eliminated 
through electron or hole injection. 
[0035] The first method for driving a semiconductor 
mennory of this invention connprises the steps of writing 
a data in a ferroelectric capacitor formed on a semicon- 
ductor substrate and including a ferroelectric film, a first 
electrode formed on the ferroelectric film and a second 
electrode formed under the ferroelectric film; and read- 
ing a data stored in the ferroelectric capacitor, and the 
step of writing a data includes a sub-step of causing a 
first state in which the ferroelectric film has polarization 
in a direction from the first electrode to the -second elec- 
trode or in a direction from the second electrode to the 
first electrode and has a substantially saturated polari- 
zation value or causing a second state in which the fer- 
roelectric film has polarization in the same direction as 
In the first state and has a substantially zero polarization 
value, whereby writing a data corresponding to the first 
state or the second state in the ferroeleclric capacitor, 
and the step of reading a data includes a sub-step of 
detecting whether the ferroelectric capacitor is in the first 
state or in the second state, whereby reading a data 
stored in the ferroelectric capacitor 
[0036] In the first method for driving a semiconductor 
memory, two different states of the ferroelectric capac- 
itor storing different data (such as a data "1 " and a data 
"0") are distinguished from each other by the two states 
in which the polarization of the ferroelectric film is in the 
same direction, namely, the first state in which the fer- 
roelectric film has the substantially saturated polariza- 
tion value (corresponding to, for example, a data "1") 
and the second state in which the ferroelectric film has 
the substantially zero polarization value (corresponding 
to. for example, a data "0"). Accordingly, even when a 
potential difference caused in the ferroelectric capacitor 
is eliminated through electron or hole injection, a data 
stored in the ferroelectric capacitor can be read, and po- 
larization fatigue of the ferroelectric film can be reduced. 
[0037] In the first method for driving a semiconductor 
memory, the step of writing a data preferably includes a 
sub-step of causing the first state or the second state in 
the ferroelectric capacitor by applying a voltage be- 
tween a first signal line connected to the first electrode 
and a second signal line connected to the second elec- 
trode, 

[0038] Thus, an operation tor writing a data "1" or a 
data "0" In the ferroelectric capacitor by causing the first 
state or the second state in the ferroelectric capacitor 
can be easily and directly carried out. 
[0039] In the first method for driving a semiconductor 
memory, the step of reading a data preferably includes 
a sub-step of reading a data stored in the ferroelectric 
capacitor by detecting whether the ferroelectric capaci- 
tor is in the first state or in the second state after setting 
a potential of the second signal line to a ground potential 
and placing the second electrode in a floating state by 
disconnecting the second electrode from the second 
signal line. 
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[0040] When the potential of the second signal line is 
thus once set to the ground potential, the potential of 
the second electrode can be defined. Therefore, unnec- 
essary charge stored in the second electrode during a 

5 write operation or a read operation conducted before 
this read operation can be removed. Furthermore, when 
the reading voltage is applied after placing the second 
electrode in the floating state by disconnecting the sec- 
ond electrode from the second signal line, it can be def- 

10 Initely detected whether the ferroelectric capacitor is in 
the first state or in the second state. 
[0041] In the first method for driving a semiconductor 
memory, the step of reading a data preferably includes 
a sub-step of generating, between the first electrode and 

15 the second electrode, a voltage for Inducing, in the fer- 
roelectric film, an electric field in the same direction as 
the direction of the polarization of the ferroelectric film. 
[0042] Thus, the direction of the polarization of the fer- 
roelectric film is not changed even when the reading 

20 voltage Is applied to the ferroelectric capacitor, and 
hence, the ferroelectric capacitor can keep on storing a 
data. 

[0043] In the first method for driving a semiconductor 
memory, the step of reading a data preferably includes 

25 a sub-step of applying a reading voltage to both ends of 
a series circuit composed of the ferroelectric capacitor 
and a load capacitor serially connected to the ferroelec- 
tric capacitor, and detecting a voltage induced,' in the 
load capacitor resulting from dividing the reading volt- 

30 age in accordance with a ratio between capacitance of 
the ferroelectric capacitor and capacitance of the load 
capacitor, whereby detecting whether the ferroelectric 
capacitor is in the first state or in the second state. 
[0044] Thus, a read operation can be eased because 

35 a data stored in the ferroelectric capacitor can be read 
by detecting the voltage induced in the load capacitor in 
applying the reading voltage to the both ends of the se- 
ries circuit of the ferroelectric capacitor and the load ca- 
pacitor 

40 [0045] In the first method for driving a semiconductor 
memory, the step of reading a data preferably includes 
a sub-step of applying a reading voltage between the 
first electrode and the semiconductor substrate or a 
source electrode of a field effect transistor formed on 
45 the semiconductor substrate and connected to the sec- 
ond electrode at a gate electrode thereof, and detecting 
change of channel conductance of the field effect tran- 
sistor caused by a voltage induced in the gate electrode 
resulting from dividing the reading voltage in accord- 
so ance with a ratio between capacitance of the ferroelec- 
tric capacitor and gate capacitance of the field effect 
transistor, whereby detecting whether the ferroelectric 
capacitor is In the first state or In the second state. 
[0046] Thus, a read operation can be easily and def- 
55 initely carried out because the voltage induced in the 
gate electrode of the field effect transistor in applying 
the reading voltage between the first electrode and the 
semiconductor substrate or the source electrode of the 
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field effect transistor can be detected by detecting 
change of the channel conductance of the field effect 
transistor. 

[0047] In the first method foi' driving a senniconductor 
mennory. the step of reading a data can include a sub- 
step of applying a reading voltage between the first elec- 
trode and a bit line connected to the second electrode, 
and detecting a voltage induced in the bit line resulting 
from dividing the reading voltage in accordance with a 
ratio between capacitance of the ferroelectric capacitor 
and capacitance of the bit line, whereby detecting 
whether the ferroelectric capacitor is in the first state or 
in the second state. 

[0048] The first method for driving a semiconductor 
memory preferably further comprises, at least in the 
case where the ferroelectric capacitor is in the second 
state, a step of setting a potential of the second elec- 
trode to a ground potential after removing the reading 
voltage applied to the first electrode in the step of read- 
ing a data. 

[0049] Thus, the polarization of the ferroelectric film 
is restored to the state before data read, and therefore, 
even when the ferroelectric capacitor is in the second 
state, the data read operation can be repeatedly carried 
out. 

[0050] The second method for driving a semiconduc- 
tor memory of this invention comprises the steps of writ- 
ing, in a memory cell block of a plurality of successively 
connected memory cells each including a ferroelectric 
capacitor having a ferroelectric film, a first electrode 
formed on the ferroelectric film and a second electrode 
formed under the ferroelectric film and a cell selecting 
transistor serially connected to the ferroelectric capaci- 
tor, a data in a selected ferroelectric capacitor selected 
by the cell selecting transistor from the plurality of fer- 
roelectric capacitors; and reading a data stored in a se- 
lected ferroelectric capacitor selected by the cell select- 
ing transistor from the plurality of ferroelectric capaci- 
tors, and the step of writing a data includes a sub-step 
of applying a writing voltage between a control line con- 
nected to a first common node out of two common nodes 
included in the memory cell blockand a second common 
node out of the two common nodes, and causing a first 
state in which the ferroelectric film of the selected ferro- 
electric capacitor has polarization in a direction from the 
first electrode to the second electrode or In a direction 
from the second electrode to the first electrode and has 
a substantially saturated polarization value or causing 
a second state in which the ferroelectric film of the se- 
lected ferroelectric capacitor has polarization in the 
same direction as in the first state and has a substan- 
tially zero polarization value, whereby writing a data cor- 
responding to the first state or the second state in the 
selected ferroelectric capacitor, and the step of reading 
a data includes a sub-step of applying a reading voltage 
between the second common node and a load capacitor 
connected to the first common node, and detecting 
whether the selected ferroelectric capacitor is in the first 



10 

state or in the second state by detecting a voltage in- 
duced in the load capacitor resulting from dividing the 
reading voltage in accordance with a ratio between ca- 
pacitance of the selected ferroelectric capacitor and ca- 

5 pacitance of the load capacitor, whereby reading a data 
stored in the selected ferroelectric capacitor 
[0051] In the second method for driving a semicon- 
ductor memory, two different states of the ferroelectric 
capacitor storing different data (such as a data "1 " and 

10 a data "0") are distinguished from each otner by the two 
states in which the polarization of the ferroelectric film 
is in the same direction, namely, the first state in which 
the ferroelectric film has the substantially saturated po- 
larization value (corresponding to, for example, a data 

15 "1 ") and the second state in which the ferroelectric film 
has the substantially zero polarization value (corre- 
sponding to, for example, a data "0"). Accordingly, even 
when a potential difference caused In the selected fer- 
roelectric capacitor is eliminated through electron or 

20 hole injection, a data stored in the ferroelectric capacitor 
selected in a memory cell array can be read. 

BRIEF DESCRIPTION OF THE DRAWINGS 



25 [0052] 

FIG. 1 is a cross-sectional view of a semiconductor 
memory according to Embodiment 1 of the inven- 
tion; 

30 FIG. 2 is a diagram for showing the relationship be- 
tween the potential of a first electrode and the po- 
larization of a ferroelectric film in writing a data "1" 
or a data "0" in the semiconductor memory of Em- 
bodiment 1 ; 

35 FIG. ^ is a diagram for showing the relationship be- 
tween the potential of a floating gate electrode and 
the polarization of the ferroelectric film In reading a 
data "1 " or a data "0" from the semiconductor mem- 
ory of Embodiment 1 ; 

40 FIG. 4 is an equivalent circuit diagram of the semi- 
conductor memory of Embodiment 1; 
FIG. 5 is a diagram for showing the relationship be- 
tween the read number and the output obtained by 
applying a reading voltage in pulse form to the sem- 

45 Iconductor memory of Embodiment 1; 

FIG. 6 is a circuit diagram for showing the configu- 
ration of a semiconductor memory according to Em- 
bodiment 2; 

FIG. 7 is a circuit diagram for showing the configu- 
re ration of a semiconductor memory according to a 
modification of Embodiment 2; 
FIG. 8 is a cross-sectional view of a conventional 
semiconductor memory; 

FIGS. 9A, 9B and 9C are diagrams of energy bands 
55 between a gate electrode and a silicon substrate in 
the conventional semiconductor memory; and 
FIG. 10 is a diagram for showing the relationship 
between the potential of the gate electrode and the 
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polarization of a ferroelectric film in writing a data 
"1 " or a data "0" in the conventional semiconductor 
memory. 

DETAILED DESCRIPTION OF THE INVENTION 
EMBODIMENT 1 

[0053] A semiconductor memory and a method for 
driving the same according to Embodiment 1 of the in- 
vention will now be described with reference to FIGS. 1 
-through 5. 

[0054] FIG. 1 shows the cross-sectional structure of 
the semiconductor memory of Embodiment 1 . In surface 
portions of, for example, a p-type silicon substrate 100, 
a source region 101 and a drain region 102 of n-type 
Impurity layers are formed, and a channel region 103 is 
formed in a surface portion of the silicon substrate 100 
sandwiched between the source region 101 and the 
drain region 102. On a region of the silicon substrate 
1 00 between the source region 1 01 and the drain region 
102, a floating gate electrode 105 is disposed with a gate 
insulating film 104 of a silicon oxide film sandwiched 
therebetween. The source region 101, the drain region 
102, the channel region 103, the gate insulating film 104 
and the floating gate electrode 105 together form a field 
effect transistor (hereinafter referred to as the FET). 
[0055] A ferroelectric capacitorl 13 is disposed above 
the floating gate electrode 1 05 with an insulating film not 
shown sandwiched therebetween, and the ferroelectric 
capacitor 113 includes a ferroelectric film 110, a first 
electrode 111 formed on the ferroelectric film 110 and 
a second electrode 112 formed under the ferroelectric 
film 110. The first electrode 111 is connected to a first 
signal line 121, and the second electrode 112 and the 
floating gate electrode 105 are connected to a second 
signal line 122. In other words, the second electrode 112 
and the floating gate electrode 105 are connected to 
each other through the second signal line 122. The fer- 
roelectric film 110 is made from, for example, SBT and 
has a thickness of, for example, 200 nm. In this case, 
the coercive voltage of the ferroelectric film 110 is ap- 
proximately 1 V. 

[0056] As characteristics of the semiconductor mem- 
ory of Embodiment 1 . a voltage for changing the polar- 
ization of the ferroelectric film 110 can be directly ap- 
plied between the first signal line 121 and the second 
signal line 122 in a data write operation, and the poten- 
tial of the floating gate electrode 105 can be defined by 
using the second signal line 122 before a data read op- 
eration. 

(Data write operation) 

[0057] In the semiconductor memory of Embodiment 
1 . a data write operation is carried out by causing a first 
state (corresponding to, forexample^ a data "1 ") in which 
the ferroelectric film 110 has polarization in a direction 
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from the first electrode 1 11 to the second electrode 112 
(namely, downward direction) or in a direction from the 
second electrode 1 1 2 to the first electrode 111 (namely, 
upward direction) and has a substantially saturated po- 
larization value, or by causing a second state (corre- 
sponding to, for example, a data "0") in which the ferro- 
electric film 110 has polarization In the same direction 
as in the first state and has a substantially zero polari- 
zation value. In other words, the state corresponding to 
10 a data "1 " and the state corresponding to a data "0" are 
distinguished from each other by the two states in which 
the polarization direction is the same but the polarization 
values are different. 

[0058] A specific example of the data write operation 
15 will now be described with reference to a hysteresis 
curve drawn on a Q - V plane of FIG. 2. In FIG. 2, a solid 
line denotes a hysteresis curve of the ferroelectric film 
110 of the semiconductor memory of Embodiment 1, 
and a broken line denotes a hysteresis curve of the fer- 
20 roelectric film 5 of the conventional ferroelectric FET 
[0059] It is assumed, in the following description, that 
the potential of the silicon substrate 100 is always the 
ground potential and that a polarization value obtained 
in the downward polarization is positive. 
25 [0060] In the semiconductor memory of Embodiment 
1 , the polarization value of the ferroelectric film 1 1 0 ob- 
tained before writing a data is substantially zero, and 
hence, the polarization is positioned in the vicinity of the 
origin O. 

30 [0061] In writing a data "1" in the ferroelectric film 110, 
for example, the potential of the second signal line 122 
is set to the ground potential and the potential of the first 
signal line 1 21 is set to 3 V. Thus, the polarization of the 
ferroelectric film 110 moves along the solid line from the 
35 origin O to a point a^ . Thereafter, when the potential of 
the first signal line 121 is restored to the ground poten- 
tial, the polarization moves along the solid line from the 
point to a point Bq, and the ferroelectric film 1 1 0 stores 
charge of approximately 10 |iC/cm2 as a data "1". 
40 [0062] In rewriting a data "1" to a data "0", with the 
potential of the second signal line 122 set to the ground 
potential, the potential of the first signal line 121 is set 
to approximately -1 V. Thus, the polarization of the fer- 
roelectric film 110 moves along the solid line from the 
45 point Bq to a point b^. Thereafter, when the potential of 
the first signal line 121 is restored to the ground poten- 
tial, the polarization moves along the solid line from the 
point b-i to a point bo- The point bo is a point having a 
positive value and positioned in the vicinity of the origin 
50 o. Thus, the ferroelectric film 110 stores charge:having 
a positive value of approximately 0 p,C/cm2 as a data "0". 
[0063] Alternatively, in writing a data "0", the potential 
of the first signal line 121 may be set to the ground po- 
tential with the potential of the second signal line 122 
55 set to 1 V instead of setting the potential of the second 
signal line 122 to the ground potential with the potential 
of the first signal line 121 set to approximately -1 V. 
[0064] In Embodiment 1 , there is no need to set the 
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potential of the second signal line 1 22 to the ground po- 
tential and the potential of the first signal line 121 to -3 
V for writing a data "0". The reason is the state where 
the charge obtained by the polarization has a positive 
value of approximately 0 iiC/cm^ is defined as a data 
"0" In this invention, and therefore, the polarization value 
obtained in writing a data "0" can be approxinnately 0 
|j.C/cm2. 

(Data read operation) 

[0065] In the semiconductor memory of Embodiment 
1. a data read operation is carried out by detecting 
whether the FET is in the first state (for example, corre- 
sponding to the state of storing a data "1") in which the 
ferroelectric film 110 has the substantially saturated po- 
larization value or It is In the second state (for example, 
correspondingto the state of storing a data "0") in which 
the ferroelectric film 110 has the substantially zero po- 
larization value. 

[0066] A specific example of the data read operation 
will now be described. 

[0067] First, the potential of the second signal line 1 22 
Is setto the ground potential, so as to define the potential 
of the floating gate electrode 105. This procedure is car- 
ried out for the purpose of removing unnecessary 
charge stored in the floating gate electrode 105 during 
a write operation and a read operation conducted before 
this read operation. 

[0068] Next, the second signal line 1 22 is disconnect- 
ed from the peripheral circuit, and a predetermined 
reading voltage Vr is applied to the first signal line 121, 
The reading voltage is divided, in accordance with a 
ratio between the capacitance of the f erroelectric capac- 
itor 1 1 3 and the gate capacitance of the FET, into a volt- 
age applied to the ferroelectric film 110 and a voltage 
applied to the gate Insulating film 105. 
[0069] This operation will now be described with ref- 
erence to FIG. 3. In FIG. 3, a reference numeral 131 
denotes a first load line corresponding to the gate ca- 
pacitance of the FET obtained when the potential of the 
first electrode 111 is 0 V, and a reference numeral 132 
denotes a second load line corresponding to the gate 
capacitance of the FET obtained when the potential of 
the first electrode 1 1 1 is the voltage (of approximate- 
ly 2 V). 

[0070] I n the case where the ferroelectric film 1 1 0 has 
the large polarization value (in the case of storing a data 
"1"), a potential represented by Vq^ of FIG. 3 is gener- 
ated in the floating gate electrode 105 when seen from 
the silicon substrate 100. In this case, the direction of 
an electric field applied to the ferroelectric film 110 ac- 
cords with the polarization direction obtained in storing 
a data "1", and the polarization moves from a point ag 
to a point Since the polarization value is substantially 
saturated, the direction and the magnitude of the polar- 
ization are not different from those obtained before the 
read operation even when the reading voltage is re- 
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moved. 

[0071] On the other hand, when the ferroelectric film 
110 has the small polarization value (in the case of stor- 
ing a data "0"), a potential represented by Vqq of FIG. 3 

5 is generated in the floating gate electrode 105 when 
seen from the silicon substrate 100. Also in this case, 
the direction of an electric field applied to the ferroelec- 
tric film 110 accords with the polarization direction ob- 
tained in storing a data "0", and the polarization moves 

10 from a point to a point bg. 

[0072] In the case where the ferroelectric film 110 has 
the small polarization value (in thecase of storing a data 
"0"), if the data read operation is repeated, the polariza- 
tion value is gradually increased, so as to reduce the 

15 difference in the polarization value between a data "1" 
and a data "0", and ultimately data cannot be distin- 
guished. 

[0073] Therefore, the reading voltage Vp, Is removed 

by grounding the first signal line 121 with the second 
20 signal line 122 opened. Thus, a potential difference re- 
verse to the voltage Vp is caused in the ferroelectric film 
110, and hence, the polarization moves from the point 
bg to a point through a point along a small hyster- 
esis curve. Thereafter, when the second signal line 122 
25 is grounded, the polarization restores from the point b4 
to the point bp, and thus, the state where the ferroelectric 
film 110 has the small polarization value (the state of 
storing a data "0") can be recovered. 
[0074] Accordingly, even when a data read operation 
30 is repeated in the case where the ferroelectric film 110 
has the small polarization value (the case of storing a 
data "0"), a data can be read. 

[0075] In the voltages applied to the floating gate elec- 
trode 105 of the FET by applying the reading voltage 
35 Vr, there is a relationship of Vqo > Vqi '® obvious 
from FIG. 3. 

[0076] In an experiment made by the present inven- 
tors, when the reading voltage Vr is 2 V with the capac- 
itance of the ferroelectric capacitor setto approximately 

40 four times as large as the gate capacitance of the FET, 
a voltage of approximately 0.5 V is induced in the float- 
ing gate electrode 105, and a difference between the 
voltages Vqq and Vq^ is substantially 60 mV. 
[0077] In this manner, according to Embodiment 1 , no 
maner whether a data "1 " Is read or a data "0" Is read, 
the polarization Is automatically restored to the original 
position after the read operation. Therefore, there is no 
need to carry out a rewrite operation after a read oper- 
ation, and thus, what is called a non-destructive read 

50 operation can be realized. 

[0078] Also, according to Embodiment 1, the polari- 
zation is never reversed (the polarization never be- 
comes negative) nomatter whether a data "1" is read or 
a data "0" is read, and therefore, the polarization fatigue 

55 can be largely reduced. 

[0079] Now, the results of a test carried out for eval- 
uating the semiconductor memory of Embodiment 1 will 
be described with reference to FIGS. 4 and 5, 
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[0080] In an equivalent circuit of FIG. 4, a writing volt- 
age Vw (= 5 V) is applied between a first electrode and 
a second electrode of a ferroelectric capacitor CF in writ- 
ing a data "1" and a writing voltage ^/yf^f (= -1 V) Is applied 
between the first electrode and the second electrode of 
the ferroelectric capacitor CF in writing a data "0". Also, 
In reading a data, a reading voltage Vr (= 2.2 V) in pulse 
fornn Is continuously applied to a set line SET, and an 
output Vqut of a reading field effect transistor Qg is 
nneasured. 

[0081] FIG. 5 shows the relationship between the 
read number and the output Vqut reading data by 
using the equivalent circuit of FIG. 4. As is understood 
from FIG. 5, even when the reading voltage Vp Is applied 
IC^ times, a difference In the output level between data 
"1" and data "0" Is minimally changed. Thus, It is proved 
thatthe difference In the output level Is substantially con- 
stant, namely, the polarization fatigue is not caused. 

EMBODIMENTS 

[0082] A semiconductor memory and a method for 
driving the same according to Embodiment 2 will now 
be described with reference to FIG. 6. 
[0083] The semiconductor memory of Embodiment 2 
comprises a memory cell block including a plurality of 
successively connected memory cells. The memory 
cells respectively include ferroelectric capacitors CFq, 
CF.J, ... and CF„ each having a ferroelectric film, a first 
electrode formed on the ferroelectric film and a second 
electrode formed under the ferroelectric film similarly to 
the ferroelectric capacitor 11 3 of Embodiment 1 , and cell 
selecting transistors Qq, Qi, ... and whose source 
regions are respectively connected to the second elec- 
trodes of the ferroelectric capacitors CFq, CF.,, ... and 

[0084] The memory cell block further includes a first 
common node 201 connected to the drain regions of the 
cell selecting transistors Qg, Q-i, ••• and at first ends 
thereof; a second common node 202 connected to the 
first electrodes of the ferroelectric capacitors CFq, 
CF.,, ... and CF„ at first ends thereof; a control line 203 
which is connected, at the first end thereof, to a second 
end of the first common node 201 ; a reading transistor 
(load capacitor) 204 whose gate electrode is connected 
to the second end of the first common node 201 ; a block 
selecting transistor205 whose drain region is connected 
to a set line SET and whose source region is connected 
to a second end of the second common node 202; and 
a reset transistor 206 whose drain region is connected 
to a second end of the control line 203 and whose source 
region is connected to a reset line RST. 
[0085] Also, the gate electrodes of the cell selecting 
transistors Qq, , ... and are respectively connected 
to word lines WLq, WL^, ... and WL^, the drain region of 
the reading transistor 204 is connected to the reset line 
RST, and the source region of the reading transistor204 
is connected to a bit line BL. 



[0086] Although the reset line RST is connected to the 
source region of the reading transistor 204 in FIG. 6, the 
reset line RST may be connected to a semiconductor 
substrate where the reading transistor 204 is formed 
5 (corresponding to a portion shown with an upward arrow 
in FIG. 6) instead. 

(Data write operation) 

10 [0087] A data write operation of this semiconductor 
memory will now be described. 

[0088] First, the block selecting transistor 205 is 
turned on so as to electrically connect the set line SET 
to the second common node 202, and the reset transis- 
15 tor 206 is turned on so as to electrically connect the reset 
line RST to the control line 203. Also, the word line con- 
nected to a memory cell selected for data write is placed 
In an ON state so as to turn on the cell selecting tran- 
sistor included in the memory cell selected for data write, 

20 [0089] Next, a potential difference is caused between 
the set line SET and the reset line RST and a writing 
voltage V^p is applied between the second common 
node 202 and the control line 203. Thus, the writing volt- 
age Vyvj, is directly applied between the first electrode 

25 and the second electrode of a selected ferroelectric ca- 
pacitor out of the plural ferroelectric capacitors CFq, 
CF^, ... and CF^,, so that the data can be written- in the 
selected ferroelectric capacitor. : 
[0090] The magnitude of the writing voltage V^p, is 

30 the same as that of Embodiment 1 , and a data write op- 
eration is carried out by causing a first state (corre- 
sponding to a data "1") In which the ferroelectric film of 
the selected ferroelectric capacitor has polarization in a 
direction from the first electrode to the second electrode 

35 or In a direction from the second electrode to the first 
electrode and has a substantially saturated polarization 
value, or causing a second state (corresponding to a da- 
ta "0") in which the ferroelectric film of the selected fer- 
roelectric capacitor has polarization in the same direc- 

^0 tion as in the first state and has a substantially zero po- 
larization value. 

(Data read operation) 

45 [0091] A data read operation of this semiconductor 
memory will now be described. 

[0092] First, the block selecting transistor 205 is 
turned on so as to connect the set line SET to the second 
common node 202. Also, the reset transistor 206 is 

50 turned on so as to once ground the control line 203, and 
thereafter, the control line 203 is disconnected from the 
reset line RST by turning off the reset transistor 206 so 
as allow the control line 203 to have a floating potential. 
Furthermore, a word line connected to a memory cell 

55 selected for data read is placed in an ON state so as to 
turn on the cell selecting transistor included in the mem- 
ory cell selected for data read. 

[0093] Next, a potential difference is caused between 
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the set line SET and the reset line RST and a reading 
voltage Vf, is applied between the second common 
node 202 and the reset line RST. Thus, the reading volt- 
age Vf, is divided in accordance with a ratio between the 
capacitance ol a selected ferroelectric capacitor and the 
gate capacitance of the reading transistor 204, and the 
divided voltage Is applied to the gate electrode of the 
reading transistor 204. In other words, a voltage de- 
pending upon a data ("1" or "0") stored in the selected 
ferroelectric capacitor is applied to the gate electrode of 
the reading transistor 204. Therefore, the data stored in 
the selected ferroelectric capacitor can be read by de- 
tecting a current flowing between the drain and the 
source of the reading transistor 204, namely, channel 
conductance of the reading transistor 204. 
[0094] According to Embodiment 2, no matter wheth- 
er a data "1" Is read or a data "0" is read, there is no 
need to carry out a rewrite operation after a read oper- 
ation, and thus, what is called a non-deslruclive read 
operation can be realized. 

[0095] Also, according to Embodiment 2, the polari- 
zation is never reversed (the polarization never be- 
comes negative) after data read, and therefore, the po- 
larization fatigue can be largely reduced. 
[0096] Moreover, since the reading transistor 204 is 
shared by a plurality of ferroelectric capacitors, a highly 
integrated memory cell array with high area efficiency 
can be realized. 

MODIFICATION OF EMBODIMENT 2 

[0097] A semiconductor memory and a method for 
driving the same according to a modification of Embod- 
iment 2 will now be described with reference to FIG. 7. 
[0098] The modification of Embodiment 2 is basically 
the same as Embodiment 2 except that the first common 
node 201 works as a bit line and that the load capacitor 
connected to the second end of the first common node 

201 is different from that of Embodiment 2. Therefore, 
the load capacitor alone will be herein described. 
[0099] The first common node 201 is connected to a 
bit line capacitor 207, and the second end of the first 
common node 201 is connected to a sense amplifier 
208. 

[0100] In a data read operation, when a reading volt- 
age is applied between the second common node 

202 and the reset line RST, the reading voltage is 
divided in accordance with a. ratio between the capaci- 
tance of a selected ferroelectric capacitor and the ca- 
pacitance of the bit line capacitor 207, so that the divided 
voltage can be applied to the sense amplifier 208. Spe- 
cifically, a voltage depending upon a data ("1" or "0") 
stored in the selected ferroelectric capacitor is detected 
by the sense amplifier 208, so that the data stored in the 
selected ferroelectric capacitor can be read. 
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Claims 

1. A semiconductor memory comprising: 

a ferroelectric capacitor formed on a semicon- 
ductor substrate and including a ferroelectric 
film, a first electrode formed on said ferroelec- 
tric film and a second electrode formed under 
said ferroelectric film; 

data writing means for causing a first state in 
which said ferroelectric film has polarization in 
a direction from said first electrode to said sec- 
ond electrode or in a direction from said second 
electrode to said first electrode and has a sub- 
stantially saturated polarization value or caus- 
ing a second state in which said ferroelectric 
film has polarization in the same direction as In 
said first state and has a substantially zero po- 
larization value, whereby writing a data corre- 
sponding to said first state or said second state 
in said ferroelectric capacitor; and 
data reading means for reading a data stored 
In said ferroelectric capacitor by detecting 
whether said ferroelectric capacitor is in said 
first state or in said second state. 

2. The semiconductor memory of Claim 1 , 

wherein said data writing means causes said 
first state or said second state in said ferroelectric 
capacitor by applying a voltage between a first sig- 
nal line connected to said first electrode and a sec- 
ond signal line connected to said second electrode. 

3. The semiconductor memory of Claim 1 , 

wherein said data reading means includes 
means for generating, between said first electrode 
and said second electrode, a voltage for inducing, 
in said ferroelectric film, an electric field In the same 
direction as the direction of the polarization of said 
ferroelectric film. 

4. The semiconductor memory of Claim 1 , 

wherein said data reading means includes a 
load capacitor serially connected to said fen^oelec- 
tric capacitor and means for applying a reading volt- 
age to both ends of a series circuit composed of said 
ferroelectric capacitor and said load capacitor, and 
detects whether sard ferroelectric capacitor is in 
said first state or in said second state by detecting 
a voltage induced in said load capacitor resulting 
from dividing said reading voltage in accordance 
with a ratio between capacitance of said ferroelec- 
tric capacitor and capacitance of said load capaci- 
tor, 

5. The semiconductor memory of Claim 1 , 

wherein said data reading means includes a 
field effect transistor formed on said semiconductor 
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substrate and connected to said second electrode 
at a gate electrode thereof and means for applying 
a reading voltage between said first electrode and 
said semiconductor substrate or a source electrode 
of said field effect transistor, and detects whether 5 
said ferroelectric capacitor is in said first state or in 
said second state by detecting change of channel 
conductance of said field effect transistor caused 
by a voltage induced in said gate electrode resulting 
from dividing said reading voltage in accordance 
with a ratio between capacitance of said ferroelec- 
tric capacitor and gate capacitance of said field ef- 
fect transistor. 

6. The semiconductor memory of Claim 1 , ?5 

wherein said data reading means includes a 
bit line connected to said second electrode and 
means for applying a reading voltage between said 
firsl electrode and said bil line, and delects whether 
saic ferroelectric capacitor is in said first state or in 
saic second slate by detecting a voltage induced in 
said bit line resulting from dividing said reading volt- 
age in nccordnncc v^ith a ratio between capacitance 
of &aid ferroelectric capacitor and capacitance of 
saio bit lino. 

7. A scmiconduciof memory comprising: 

a memory cell block of a plurality of successive- 
fy connected memory cells each including a fer- 30 
rockxrtric capacitor having a ferroelectric film, 
a first electrode formed on said ferroelectric film 
and a second electrode formed under said fer- 
roelectric film and a cell selecting transistor se- 
rialty connected to said ferroelectric capacitor; 35 
data writing means for causing a first state in 
which said ferroelectric film of a selected ferro- 
electric capacitor selected by said cell selecting 
transistor from said plurality of ferroelectric ca- 
pacitors has polarization in a direction from said 40 
first electrode to said second electrode or In a 
direction from said second electrode to said 
first electrode and has a substantially saturated 
polarization value or causing a second state in 
which said ferroelectric film of said selected fer- ^5 
roelectric capacitor has polarization in the 
same direction as in said first state and has a 
substantially zero polarization value by apply- 
ing a writing voltage between a control line con- 
nected to a first common node out of two com- so 
mon nodes Included in said memory cell block 
and a second common node out of said two 
common nodes, whereby writing a data corre- 
sponding to said first state or said second state 
in said selected ferroelectric capacitor; and 55 
data reading means, including a load capacitor 
connected to said first common node and 
means for applying a reading voltage between 
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said second common node and said load ca- 
pacitor, for detecting whether a selected ferro- 
electric capacitor selected by said cell selecting 
transistor from said plurality of ferroelectric ca- 
pacitors is in said first state or in said second 
state by detecting a voltage induced in said load 
capacitor resulting from dividing said reading 
voltage in accordance with a ratio between ca- 
pacitance of said selected ferroelectric capac- 
itor and capacitance of said load capacitor, 
whereby reading a data stored in said selected 
ferroelectric capacitor. 

8. A method for driving a semiconductormemory com- 
prising the steps of: 

writing a data in a ferroelectric capacitor formed 
on a semiconductor substrate and including a 
ferroelectric film, a first electrode formed on 

said ferroelectric film and a second electrode 
formed under said ferroelectric film; and 
reading a data stored in said ferroelectric ca- 
pacitor, 

wherein the step of writing a data includes a 
sub-step of causing a first state in which said 
ferroelectric film has polarization in a direction 
from said first electrode to said second elec- 
trode or in a direction from said second elec- 
trode to said first electrode and has a substan- 
tially saturated polarization value or causing a 
second state in which said ferroelectric film has 
polarization in the same direction as in said first 
state and has a substantially zero polarization 
value, whereby writing a data corresponding to 
said first state or said second state in said fer- 
roelectric capacitor, and 
the step of reading a data includes a sub-step 
of detecting whether said ferroelectric capaci- 
tor is in said first state or in said second state, 
whereby reading a data stored in said ferroe- 
lectric capacitor. 

9. The method for driving a semiconductor memory of 
Claim 8, 

wherein the step of writing a data includes a 
sub-step of causing said first state or said second 
state in said ferroelectric capacitor by applying a 
voltage between a first signal line connected to said 
first electrode and a second signal line connected 
to said second electrode. ; 

1 0. The method for driving a semiconductor memory of 
Claim 9. 

wherein the step of reading a data includes a 
sub-step of reading a data stored in said ferroelec- 
tric capacitor by detecting whether said ferroelectric 
capacitor is in said first state or in said second state 
after setting a potential of said second signal line to 



11 



BNSDOCID: <EP 



1246192A1_L> 



21 



EP1 246 192 A1 



22 



a ground potential and placing said second elec- 
trode in a floating state by disconnecting said sec- 
ond electrode fronn said second signal line. 

1 1 . The method for driving a semiconductor memory of 
Claim 8, 

wherein the step of reading a data includes a 
sub-step of generating, between said first electrode 
and said second electrode, a voltage for inducing, 
in said ferroelectric film, an electric field in the same 
direction as the direction of the polarization of said 
ferroelectric film. 

1 2. The method for driving a semiconductor memory of 
Claim 8, 

wherein the step of reading a data includes a 
sub-step of applying a reading voltage to both ends 
of a series circuit composed of said ferroelectric ca- 
pacitor and a load capacitor serially connected to 
said ferroelectric capacitor, and detecting a voltage 
induced in said load capacitor resulting from divid- 
ing said reading voltage In accordance with a ratio 
between capacitance of said ferroelectric capacitor 
and capacitance of said load capacitor, whereby de- 
tecting whether said ferroelectric capacitor is in said 
first state or in said second state. 

13. The method for driving a semiconductor memory of 
Claim 12, further comprising, at least in the case 
where said ferroelectric capacitor is in said second 
state, a step of setting a potential of said second 
electrode to a ground potential after removing said 
reading voltage applied to said first electrode in the 
step of reading a data. 

1 4. The method for driving a semiconductor memory of 

Claim 8, 

wherein the step of reading a data includes a 
sub-step of applying a reading voltage between 
said first electrode and said semiconductor sub- 
strate or a source electrode of a field effect transis- 
tor formed on said semiconductor substrate and 
connected to said second electrode at a gate elec- 
trode thereof, and detecting change of channel con- 
ductance of said field effect transistor caused by a 
voltage Induced in said gate electrode resulting 
from dividing said reading voltage in accordance 
with a ratio between capacitance of said ferroelec- 
tric capacitar and gate capacitance of said field ef- 
fect transistor, whereby detecting whether said fer- 
roelectric capacitor is in said first state or in said 
second state. 

1 5. The method for driving a semiconductor memory of 
Claim 14, further comprising, at least in the case 
where said ferroelectric capacitor is in said second 
state, a step of setting a potential of said second 
electrode to a ground potential after removing said 



reading voltage applied to said first electrode in the 
step of reading a data. 

16. The method for driving a semiconductor memory of 
5 Claim 8, 

wherein the step of reading a data includes a 
sub-step of applying a reading voltage between 
said first electrode and a bit line connected to said 
second electrode, and detecting a voltage induced 

10 in said bit line resulting from dividing said reading 
voltage in accordance with a ratio between capac- 
itance of said ferroelectric capacitor and capaci- 
tance of said bit line, whereby detecting whether 
said ferroelectric capacitor is in said first state or in 

15 said second state. 

1 7. The method for driving a semiconductor memory of 
Claim 16, further comprising, at least in the case 
where said ferroelectric capacitor is in said second 

20 state, a step of setting a potential of said second 
electrode to a ground potential after removing said 
reading voltage applied to said first electrode in the 
step of reading a data. 

25 18. A method for driving a semiconductor memory com- 
prising the steps of: 

writing, in a memory cell block of a plurality of 
successively connected memory cells each in- 

30 eluding a ferroelectric capacitor having a ferro- 

electric film, a first electrode formed on said fer- 
roelectric film and a second electrode formed 
under said ferroelectric film and a cell selecting 
transistor serially connected to said ferroelec- 

35 trie capacitor, a data in a selected ferroelectric 

capacitor selected by said cell selecting tran- 
sistor from said plurality of ferroelectric capac- 
itors; and 

reading a data stored in a selected ferroelectric 
40 capacitor selected by said cell selecting tran- 

sistor from said plurality of ferroelectric capac- 
itors, 

wherein the step of writing a data includes a 
sub-step of applying a writing voltage between 

45 a control line connected to a first common node 

out of two common nodes included In said 
memory cell block and a second common node 
out of said two common nodes, and causing a 
first state in which said ferroelectric film of said 

50 selected ferroelectric capacitor has polariza- 

tion in a direction from said first electrode to 
said second electrode or in a direction from said 
second electrode to said first electrode and has 
a substantially saturated polarization value or 

55 causing a second state in which said ferroelec- 

tric film of said selected ferroelectric capacitor 
has polarization in the same direction as in said 
first state and has a substantially zero polariza- 
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tion value, whereby writing a data correspond- 
ing to said first state or said second state in said 
selected ferroelectric capacitor, and 
the step of reading a data includes a sub-step 
of applying a reading voltage between said sec- 5 
ond connnnon node and a load capacitor con- 
nected to said first common node, and detect- 
ing whether said selected ferroelectric capaci- 
tor is in said first state or in said second state 
by detecting a voltage induced in said load ca- fo 
pacitor resulting f ronn dividing said reading volt- 
age in accordance with a ratio between capac- 
itance of said selected ferroelectric capacitor 
and capacitance of said load capacitor, where- 
by reading a data stored in said selected ferro- '5 
electric capacitor. 
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